Summary. The effects of operation (lower-limb amputation) on the growth of the Lewis lung tumour and its metastases were studied. The role of C. parvum in counteracting these effects was investigated.
TUMOUR growth is enhanced by operation (Buinauskas et al., 1965) possibly due in part to depression of both the macrophage system (Saba and Antikatzides, 1976) and T-lymphocyte function (Cochran et al., 1972; Vose and Moudgil, 1975) .
Corynebacterium parvum is a powerful immunopotentiator (Scott, 1974) which has been reported to inhibit the growth of a variety of animal tumours (Woodruff and Boak, 1966; Halpern et al., 1966) and to reduce tumour metastases (Sadler and Castro, 1976) .
Corticosteroids are released during operative stress, and their reported effects on metabolism and immunological competence (Claman, 1972; Conning and Heppleston, 1966) may be responsible for enhanced tumour growth.
The aims of this study were to determine whether operative stress in the form of limb amputation increased tumour growth and dissemination, and to see whether corticosteroids were involved in these changes. The ability of C. parvum to counteract the effects of operative stress was also studied.
MATERIALS AND METHODS
Animals.-Age-matched, adult male C57BL/10 Sc Sn mice wNere obtained from Olac (Southern) Ltd.
Tumour.-The Lewis lung carcinoma was implanted s.c. on the lower right flank as a 0-1 ml homogenate on Day 0. The mean primary tumour diameter was measured twice weekly, and the macroscopic surface lung metastases were counted 21 days after tumour implantation (Sadler and Castro, 1976) .
Operation.-Operative stress consisted of amputation of the left hind limb under anaesthesia.
Corynebacterium parvum.-A formalinkilled suspension of C. parvum (Burroughs Wellcome, CN 6134) was administered i.v. as 0-466 mg in 0-2 ml saline. Control mice received an equivalent volume of saline.
Cortisone acetate (CA).-CA was injected s.c. as 0-1 ml of a 25 mg/ml (high dose) or 0(5 mg/ml (low dose) suspension. Injection, at a site contralateral to tumour implantation, was at 4 and 11 days after tumour implantation (Jones and Castro, 1977) . Saline was given to control mice.
Adrenalectomy.-Mice were adrenalectomized by the dorsal approach (Castro and Hamilton, 1972) . They were inaintained with mineral-corticoid (deoxycortone pivalate suspension 1 mg s.e. every 5 days) and given N/2 saline to drink. Two weeks after adrenalectomy, tumour w%Aas implanted.
Statistics-All the results except those from the CA experiments were subjected to analysis of variance. The effects on tumour metastases of (i) anaesthesia alone, were by one-way analysis of variance with replication on square roots, and of (ii) operation or adrenalectomy plus amputation, were by a 2-way analysis of variance with replication on square roots. Square roots were taken before analysis to achieve homogeneity of variance. Tumour diameters in all experiments were compared by 2-way analysis of variance without square roots. The groups of values so obtained were compared by a 2-tailed t test.
The pairs of data for high dose or lowdose CA were compared by Student's t test.
Significance was accepted at the P<OO1 level.
RESULTS

Effects of anaesthesia alone
Four groups of 10 animals were injected s.c. with tumour. On Day 5 2 groups received i.v. C. parvum and 2 received saline, and 2 days later, on Day 7, one C. parrum group and one saline group were anaesthetized with ether for 8 min. The mean tumour diameter was analysed statistically on Day 21, and it was found that anaesthesia did not significantly alter tumour growth, but there was a significant reduction in growth in the 2 groups given C. parvum. The mean number of metastases in the 4 groups is shown in Table I , Column L. The number of metastases in the anaesthetized mice (treatment group-mean 38) was not significantly different from that in control mice (mean 34). However, C. parvum significantly reduced the mean number of metastases in both the untreated and treated groups to 8.
Effect of operation (hind-limb amputation)
Seven groups of 13 animals were given tumour on Day 0. In 6 groups, the left hind limb was amputated on Day 7. The Table II , Column 2. The mean number of metastases in the non-adrenalectomized control group was 28, which was significantly less than in the group which had undergone an amputation alone (mean 47). There was no significant difference between the 2 adrenalectomized groups; adrenalectomy significantly reduced the mean number of metastases in the non-amputated group to 12, and in the amputated group to 17.
DISCUSSION
The stress of an operation is often followed by tumour dissemination (Gordon-Taylor, 1959) . This maybe caused in part by altered metabolism due to pain, fluid loss and infection. Tumour dissemination may also be brought about by an alteration in immunological competence. It has been shown that after an operation there is a reduction of T-cell function as measured by leucocyte migration (Cochran et al., 1972) , leucocyte cytotoxicity (Vose and Moudgil, 1975) and phytohaemagglutinin-induced lymphocyte transformation (Riddle, 1967) . Operative stress is also associated with impairment of B-cell function, as measured by pokeweed mitogen and streptolysin stimulation (Jubert et al., 1973) and macrophage inhibition, measured as the reduced uptake of 131I-labelled lipid emulsion and 51Cr-labelled Walker 256 tumour cells by hepatic Kupifer cells (Saba and Antikatzides, 1976) . The depression of macrophages may be due to the consumption of a glycoprotein, at the site of trauma, which is opsonic for Kupffer-cell phagocytic activity (Saba and Scovill, 1975) .
C. parvum depresses cell-mediated immunity (Scott, 1972) but is a potent stimulator of the macrophage system (Scott, 1974; Castro, 1974) and probably the latter action is responsible for the significant reduction in pulmonary metastases in animals subjected to operative stress. C. parvum also boosts 1gM and IgG antibody levels (Howard, Scott and Christie, 1973) , which may increase the animal's resistance to postoperative infection.
During an operation, adrenal corticoid production quadruples (Cosgrove and Jenkins, 1974) and corticosteroids are known to have powerful suppressive effects on T-cells and macrophage activity (Conning and Heppleston, 1966; Claman, 1972) . It is possible that during amputation the increase in steroid production depressed the macrophage system, resulting in increased pulmonary metastases. In support of this hypothesis was our finding that high doses of CA caused an increase in pulmonary metastases not seen with low doses. Furthermore, adrenalectomy prevents a stress-induced increase of steroid hormones, and operation on adrenalectomized animals was not accompanied by an increase in pulmonary metastases. However, adrenalectomy may also have an antitumrour effect, as it stimulates cellmediated immunity (Castro and Hamilton, 1972) and causes tumour regression in many hormone-dependent tumours, although the Lewis lung tumour is not obviously hormone dependent.
Operative stress had a greater effect on the number of tumour metastases than on the rate of primary tumour growth, possibly because the diverse effects of an operation reduce host resistance to small groups of circulating tumour cells, whereas host resistance to the established primary tumour was minimal before the operation was performed. Also, treatment with C. parvum or cortisone or by adrenalectomy had notably a greater effect on metastases than primary tumour. However, we have previously shown that metastases from the Lewis tumour are affected by the immunological status of the host to a greater extent than the primary tumour (Jones and Castro, 1977) .
There is in vitro evidence that most anaesthetic agents depress cell-mediated immunity (Bruce, 1972; Cullen et al., 1972) . We found that anaesthetic alone did not increase tumour metastases, possibly because anaesthesia without an operation does not significantly increase steroid secretion (von Werder et al., 1970) , provided the anaesthetic technique adequately prevents hypoxia.
The increased metastases observed after operation may not only be due to stress at the time of surgery, but also to the continued stress of having only one hind limb which contained tumour. This would probably cause increased steroid production.
The results suggest that operation increases tumour dissemination in mice, in part due to liberation of steroid hormones, and that C. parvum may have an important role in overcoming this effect of operative stress; the significance of such findings to man is not known and it would be inappropriate at present to extrapolate these findings to human cancer patients. However, the Lewis tumour has been reported to be only weakly antigenic (Carnaud et al., 1974) and in this respect probably more closely approximates to the human situation than many animal models.
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